Abstract Alcohol dependence (AD), a genetically inXuenced phenotype, is extremely costly to individuals and to society in the United States and throughout the world, contributing to morbidity and mortality and a host of economic, interpersonal, and societal problems. Although until recently the only genes established to aVect risk for AD were those encoding several alcohol metabolizing enzymes, there are now several other genes that can be regarded as conWrmed risk loci, discovered through linkage and candidate gene association studies. While the mechanism of action of the eVects of alcohol-metabolizing enzymes on AD risk is thought to be well understood, we are still in the early stages of understanding the physiology of other risk loci. Further, it is clear that only a small number of the many genes that inXuence risk for AD have been identiWed.
Introduction
Alcohol dependence (AD) is extremely costly to individuals and to society in the United States and throughout the world, contributing to morbidity and mortality and a host of economic, interpersonal, and societal problems. Although until recently the only genes established to aVect risk for AD were those encoding several alcohol metabolizing enzymes, there are now several other genes that can be regarded as conWrmed risk loci (GABRA2; Edenberg et al. 2004; Covault et al. 2004; Lappalainen et al. 2005; Fehr et al. 2006) , or strong candidates based on published data (e.g., CHRM2, Wang et al. 2004; Luo et al. 2005a , b, c, GABRG1, Covault et al. 2008 Enoch et al. 2009 ). Although the mechanism of action of the eVects of alcohol-metabolizing enzymes on AD risk is thought to be well understood, we are still in the early stages of understanding the physiology of other risk loci. Further, it is clear that only a small number of the many genes that inXuence risk for AD have been identiWed. However, genomewide association and other new methodologies hold the promise of identifying a greater set of AD susceptibility loci, as for many other complex traits.
epidemiology: twin, family, and adoption studies. Twin studies have generally yielded heritability estimates in the range of 50-60% (e.g., Kendler et al. 1992 Kendler et al. , 1997 Prescott and Kendler 1999) . We describe two illustrative studies that included large samples. Heath et al. (1997) studied AD risk in an Australian twin registry sample that included nearly 6,000 subjects. This study considered both male and female twins (like-sex and unlike-sex twin pairs), and found a consistent heritability of 64%, using standard alcohol dependence diagnostic criteria. These investigators were also able to evaluate heritability by birth cohort, and found consistent values over a >20-year range of cohorts. Another notable study (Kendler et al. 1997 ) considered the intersection between the Swedish Twin Registry, which logged almost all twins born in that country from 1902 to 1949 (nearly 9,000 male pairs), and Swedish temperance board registrations from 1929 to 1974 (about 2,500 twins). Subjects came to the attention of temperance boards mostly because of alcoholism or crimes related to drinking. In this study, although the prevalence of temperance board registrations was similar in monozygotic (MZ) and dizygotic (DZ) twins, the concordance rate for such registration was signiWcantly higher in MZ twins. Moreover, as in Heath et al. (1997) study, heritability was stable over time, suggesting that in this sample the environmental contributions to the risk for AD were also stable over time, and that major social and historical changes did not aVect environmentally determined AD risk. Using tetrachoric correlation and model Wtting, twin resemblance was attributed to genetic factors (54%), family environment factors (14%), and nonshared environmental factors (remainder). It is notable that such a complex and detailed analysis yielded results consistent with other studies of AD, and over time within the study-using essentially ad hoc diagnostic criteria (i.e., temperance board registration). Thus, the diagnostic constructs used for AD for which genetic liability can be estimated appear to be valid and meaningful in terms of the consequences and outcomes for individuals.
However, genetic AD liability is not necessarily discrete; clinically, AD frequently co-occurs with other psychiatric disorders (especially other forms of substance dependence and antisocial personality disorder), and it has been demonstrated that at least some of this comorbidity is attributable to shared genetic liability. For example, AD shares genetic vulnerability with other externalizing disorders (conduct disorder, antisocial personality disorder, and drug dependence), and this common liability showed heritability of 80% (Hicks et al. 2004) . Consistent with the notion of a general liability, AD has also been shown, speciWcally, to share genetic risk with nicotine dependence (ND) (Swan et al. 1997; True et al. 1999; Madden et al. 2000) , and these traits also share genetic variance with caVeine use (Hettema et al. 1999 ). An obvious implication of these Wndings, which are based on twin samples, is that genes that inXuence risk for ND may also increase risk for AD and vice versa; this has been observed and several examples are discussed below.
Genome-wide linkage studies
Genome scan linkage mapping projects have identiWed promising chromosomal regions for AD susceptibility loci, some of which have led to the identiWcation of diseaseinXuencing loci. Linkage studies of AD published by the Collaborative Study on the Genetics of Alcoholism (COGA) group (Reich et al. 1998; Foroud et al. 2000) and by investigators in the Intramural Program of the National Institute on Alcohol Abuse and Alcoholism (NIAAA) (Long et al. 1998 ) yielded several chromosomal locations with lod scores suggesting that they harbor loci inXuencing risk for AD. Recruitment for COGA was conducted at six sites in the United States. Participants were ascertained from nuclear and extended pedigrees containing at least two alcohol-dependent Wrst-degree relatives in addition to an alcohol-dependent proband. The NIAAA study ascertained participants from among members of a Southwestern American Indian tribe. Both groups reported data consistent with loci inXuencing risk for AD mapping in the vicinity of an alcohol dehydrogenase (ADH) gene cluster on chromosome 4q (see below). Several other linkage peaks, even those that did not meet standard criteria for genomewide signiWcance, have led to the identiWcation of likely diseaseinXuencing loci. In addition, Wilhelmsen et al. (2003) reported a genomewide linkage study for the trait of lowlevel response to alcohol, which has been shown prospectively to increase risk for the development of AD (Schuckit 2009) . Although this study involved a relatively small sample (139 sibling pairs chosen from among non-alcoholdependent students attending two universities in San Diego, CA), several "suggestive" linkages were identiWed. Ehlers et al. (2004) , in a linkage analysis using 791 microsatellite markers in 243 Mission Indians in the southwest United States, found several lod scores in excess of 2.0 for the phenotypes of alcohol severity (chromosomes 4 and 12) and alcohol withdrawal (chromosomes 6, 15, and 16). More recently, Prescott et al. (2006) reported on linkage analysis in a set of 474 small families recruited in Ireland. The strongest results from this study (up to a multipoint lod score of 4.59) were also on chromosome 4. In the only genomewide linkage study of AD in an African-American (AA) population, we found genomewide-signiWcant linkage to markers on chromosome 10 (Gelernter et al. 2009 ).
Candidate gene studies
Both functional and positional candidate gene association approaches have been employed in studies of AD, with notable successes achieved by both. Early studies focusing on functional candidates (e.g., ALDH2, ADH1B) provided replicable speciWc gene eVects on this complex behavioral phenotype. InXuence of genetic polymorphism at some loci encoding acetaldehyde dehydrogenases and alcohol dehydrogenases on risk for AD in some populations is well established, and the mechanism is very clear. Alcohol is metabolized to acetaldehyde, a toxic intermediary, by alcohol dehydrogenases; acetaldehyde is metabolized primarily by acetaldehyde dehydrogenases, the most relevant of which is encoded by ALDH2. Acetaldehyde produces a "Xushing reaction" characterized by a set of uncomfortable symptoms including Xushing of the skin, lightheadedness, palpitations, and nausea. A variant that reduces or eliminates ALDH function (occurring mostly in Asian populations) is protective against AD (because clearance of acetaldehyde is impeded), and ADH variants that increase function (and the production of acetaldehyde) may also be protective (see, e.g., Thomasson et al. 1991; Hasin et al. 2002; Konishi et al. 2003) . Work with ALDH2 provides an instructive and intuitive example of this work, as a variant common in Asians abolishes function of this gene and therefore has a very marked aVect on acetaldehyde metabolism. A meta-analysis (Luczak et al. 2006) showed that subjects heterozygous for a null ALDH2 allele have only about one-fourth the risk for alcohol dependence as those with two functional alleles.
Recently, the most fruitful work has focused on candidate genes that map within linkage peaks. Some of the bestsupported AD risk loci map to two diVerent regions of chromosome 4: an ADH gene cluster, which maps to the long arm, and a GABA A receptor subunit gene cluster, which maps to the short arm of the chromosome. As mentioned above, several genomewide linkage scans have implicated a region of chromosome 4q that contains an ADH gene cluster, and this prompted more intensive investigation of the ADHs. ADH4 (Luo et al. 2005a (Luo et al. , b, 2006 Edenberg et al. 2006 ) is one of several disease-inXuencing loci in this cluster. Edenberg et al. (1999) demonstrated that the ¡75A allele, at a promoter polymorphic site in ADH4, has promoter activity that is more than twice that of the ¡75C allele. We reported strong associations of ADH4 markers to AD using a range of methods, including HardyWeinberg disequilibrium analysis, structured association, and family based association (Luo et al. 2005a, b) . We have also reported association to AD of numerous other loci in the ADH cluster .
Note that there is strong evidence of population-speciWcity for some very important alcohol metabolizing enzyme risk variants, e.g., a nonfunctional ALDH2 variant mentioned brieXy above that is conWned to certain Asian populations, and an ADH2 variant (rs2066702), traditionally called alcohol dehydrogenase-2*3, which encodes a highactivity isozyme that is common in AAs and rare in European Americans (EAs). Population speciWcity has been observed, although generally to a lesser degree, at some of the other loci discussed below. Thus it is already clear that risk variants are likely to be diVerentially important in diVerent populations. Luczak et al. (2006) performed a meta-analysis of the eVects of ADH1B (as well as of ALDH2, discussed above) in Asian populations, documenting robust eVects on AD risk.
Other candidate gene hypotheses have generally related to genes that inXuence neurotransmission. -Aminobutyric acid (GABA) is the major inhibitory neurotransmitter in brain; alcohol exerts some of its eVects via interaction with GABA A receptors. Allelic variants at loci participating in GABAergic neurotransmission have been convincingly associated with AD and related phenotypes. Porjesz et al. (2002) demonstrated, Wrst, linkage of EEG frequency (a quantitative trait) to chromosome 4p; then, LD to a GABA A receptor cluster, in a sample ascertained through pedigrees with multiple alcohol-dependent members. Fine mapping of this region showed allelic and haplotypic association to GABRA2 ). We (Covault et al. 2004; Lappalainen et al. 2005) , and others (Fehr et al. 2006 ) using case-control samples, replicated this major Wnding, with evidence of association of AD in three diVerent populations. Enoch et al. (2006) and Soyka et al. (2008) replicated association to GABRA2, but their Wndings diVered in the nature of the association and the speciWc variants that were associated with AD, respectively. There have also been non-replications of the association (Drgon et al. 2006; Matthews et al. 2007) , though these studies diVered substantially from the other studies in the methods of phenotyping and ascertainment employed. The three samples studied by Drgon were ascertained from among polysubstance abusers and a small sample of primary alcoholics from COGA. Matthews et al. (2007) ascertained subjects using information from the diagnostic interview schedule, an unstructured clinician's interview, and family history report by participating relatives. They derived a "best-estimate" diagnosis based on Feighner criteria and DSM-III (which diVers substantially from subsequent iterations of the DSM, the diagnostic systems used in the studies showing association to GABRA2).
Although the association is replicable, no speciWc causative variant has been reported, nor is a mechanism of action known. Interestingly, however, Pierucci-Lagha et al. (2005) found an allelic association of a GABRA2 allele with the subjective response to alcohol in a sample of healthy subjects. Further, Bauer et al. (2007) found that individuals with a GABRA2 allele associated with risk for AD in some studies had higher daily probabilities of drinking and heavy drinking in a longitudinal study of the psychotherapeutic treatment of the disorder. The polymorphism also moderated the response to the speciWc psychotherapies examined in the study. However, markers in the 3Ј region of GABRA2 (which is the region associated) are in linkage disequilibrium (LD) with markers at the adjacent locus, GABRG1, in many populations, including EAs (Ittiwut et al. 2008; Covault et al. 2008 ). This raises the possibility that the GABRA2 association is driven at least in part by variants in GABRG1, with risk loci in both genes Enoch et al. 2009 ).
Another report provided moderately strong support for the gene encoding the muscarinic acetylcholine receptor M2 (genetic locus CHRM2) as an AD risk locus (Wang et al. 2004) . Like the ADH cluster loci and GABRA2, CHRM2 maps into a chromosomal region that was identiWed by an AD linkage study as being "of interest" (Reich et al. 1998 ). We replicated this Wnding (Luo et al. 2005c ). There have been many other candidate gene studies in AD that we will not discuss in detail. For example, we (Luo et al. 2003 ) demonstrated a haplotypic association of OPRM1 (which encodes the opioid receptor) to the joint phenotype of AD and opioid dependence, and to AD (Zhang et al. 2006) . A number of studies have also shown association of AD to the minor (G) allele of an A118G polymorphism in OPRM1, which encodes an amino acid substitution (Asn40Asp) in the extracellular portion of the opioid receptor. Although that polymorphism appears to be functional, there is controversy as to whether the change associated with the minor (Asp40) allele is a gain or loss of receptor function (Edenberg and Kranzler 2005) . Further, multiple studies have shown association for the more common (Asn40) allele, and meta-analysis showed no overall association to substance dependence, including AD (Arias et al. 2006) .
OPRM1 has also been evaluated as a moderator of the response to treatment with the opioid antagonist naltrexone. Ray and Hutchison (2007) used prospective genotyping to oversample individuals with the Asp40 allele for participation in a within-subject, double-blind, placebo-controlled laboratory study evaluating the eVects of pre-treatment with naltrexone or placebo on the response to an intravenous alcohol challenge session. Individuals with one or two Asp40 alleles reported lower levels of alcohol craving and greater alcohol-induced "high" across rising breath alcohol concentrations. Further, naltrexone blunted the positive response to alcohol, an eVect that was stronger among individuals with the Asp40 allele.
Studies have also examined the moderating eVect of the Asn40Asp SNP in OPRM1 on naltrexone treatment response in alcohol-dependent individuals and in samples of non-treatment-seeking heavy drinkers. Oslin et al. (2003) , in a study of 130 EA subjects from three placebocontrolled trials, found that naltrexone-treated patients with one or more Asp40 alleles were signiWcantly less likely than Asn40 homozygotes to relapse to heavy drinking. Placebo-treated subjects showed no moderating eVect of genotype. Gelernter et al. (2007) examined the moderating eVect of polymorphic variation in opioid receptor genes on treatment response in a subset of patients from the VA Cooperative Study of Naltrexone Treatment (Krystal et al. 2001) . In addition to the Asn40Asp polymorphism, these investigators studied two other OPRM1 SNPs, three markers in OPRD1 (which encodes the delta-opioid receptor), and one marker in OPRK1 (which encodes the kappa-opioid receptor). They found no signiWcant interaction between any of the SNPs studied and the response to naltrexone treatment. Anton et al. (2008) examined the moderating eVect of the Asn40Asp SNP on the response to naltrexone treatment in a sub-sample of 297 EA subjects from the COMBINE Study (Anton et al. 2006) . A positive moderating eVect on the response to naltrexone was observed for carriers of the Asp40 allele on the percentage of heavy drinking days, with a robust eVect on a global measure of treatment outcome. Kim et al. (2009) found a positive moderating eVect of the Asp40 allele on time to relapse in a sample of 32 treatment-seeking Korean alcoholics.
In a brief cross-over trial of naltrexone versus placebo in a group of 30 non-treatment-seeking heavy drinkers, no diVerence in treatment response was observed for those with the Asp40 allele (Mitchell et al. 2007) . Similarly, Tidey et al. (2008) found no moderating eVect of the Asn40Asp SNP on drinking outcomes in a brief placebocontrolled trial of naltrexone in 173 non-treatment-seeking heavy drinkers.
Pharmacogenetic studies are often underpowered statistically due to the labor-intensive nature of treatment trials. Further, because the design features (including study samples and treatment outcome measures) of the various studies of OPRM1 have diVered, the data are not amenable to meta-analysis. Although there appears, overall, to be a modest eVect of the Asp40 allele on the response to naltrexone treatment in alcoholics, large, prospective studies are needed to estimate its magnitude more accurately.
Other than the set of alcohol metabolizing enzymes, the genetic locus probably most studied with respect to AD (especially in the early 1990s) is the D 2 dopamine receptor locus, DRD2. Whether variation in this particular gene contributes to risk for alcoholism remains controversial. Reports of positive Wndings with what has been known historically as the DRD2 TaqI "A" system could be explained in terms of a small eVect of polymorphic variation at this locus on risk, but it could also be explained in other ways, e.g., by population stratiWcation or publication bias.
Interestingly, the variant that was initially proposed to be associated to alcoholism has been shown to map within the adjacent gene, ANKK1 (Neville et al. 2004) . DRD2 maps close to three other genes, in the order NCAM1/TTC12/ ANKK1/DRD2. Based on the premise that observed weak and inconsistent DRD2 association signals might be better explained through LD with another gene in this cluster (our initial hypothesis was that this might be the NCAM1 gene), we studied a set of 43 SNPs spanning this region. In our initial article , where the subjects were drawn from a cocaine and opioid dependence linkage sample, we found very strong evidence of association of ND with SNPs that map to a haplotype block that includes markers from ANKK1 and TTC12. This region coincides with a linkage peak we observed for ND . We have since found similar evidence for association of AD to markers in the same haplotype block in a completely independent sample; in this case, the associated region centers on two TTC12 SNPs ). The COGA group has reported consistent results for ANKK1 (they did not study TTC12) (Dick et al. 2007a) . These studies provide an alternate explanation for the weak DRD2 association reports that have surfaced regularly over the years-they may be explained by linkage disequilibrium with adjacent loci wherein map the actual risk alleles. Also, although investigators were led to this genomic region by a candidate gene hypothesis, our interpretation of all of the available data is that it was not the candidate gene that was driving the association. We have speculated, though, that the genes actually associated with phenotype may be functionally related to DRD2.
Genomewide association studies (GWASs)
GWASs are a potentially more powerful alternative to linkage for locating genes without prior knowledge of physiology or disease pathophysiology. GWAS designs are unique in their potential to identify risk loci of relatively small eVect (without prior hypothesis), much smaller than may be detected through linkage strategies. Further, linkage requires family sampling schemes, which create a bias towards detection of loci of relatively high attributable risk ratios; other loci may, however, be more important on a population level. The Wrst GWAS for a speciWc SD trait (excluding studies that used a pooling methodology exclusively) examined ND (Bierut et al. 2007) . A two-stage design was employed; Wrst a study using pooled DNA was used to screen 2.4 million SNPs; second, >30,000 SNPs selected from the Wrst stage were screened individually in 1,050 cases and 879 controls. Numerous genes were identiWed as possibly associated to ND, including both novel genes (e.g., neurexin 1, NRXN1, and vacuolar protein sorting 13 homolog A, VPS13A) and genes that were previously considered candidates based on known physiology (e.g., cholinergic receptor, nicotinic, alpha 5, CHRNA5). The latter Wnding has been conWrmed in larger studies (see below). Subsequent GWAS studies demonstrated striking association between variation in the nicotinic receptor gene cluster CHRNA5-CHRNA3-CHRNB4 and ND and related traits (Berrettini et al. 2008; Thorgeirsson et al. 2008) , as well as with lung cancer (Amos et al. 2008; Hung et al. 2008 ). These Wndings have implications for AD risk also.
Nicotinic receptor cluster on chromosome 15
Based on non-signiWcant results in the GWAS of nicotine ND discussed above (Bierut et al. 2007 ) and signiWcant results in three subsequent studies of ND and/or lung cancer (Thorgeirsson et al. 2008 , Amos et al. 2008 Hung et al. 2008 ), a cluster of nicotinic receptor genes has emerged as a candidate region for phenotypes related to cigarette smoking. These variants also appear to modulate risk for several other forms of substance dependence, including AD. Although the discovery of the eVect on ND-related traits is recent and there have been only a few articles to date examining the association of variation in nicotinic receptor genes and AD and related phenotypes, the Wndings from these studies are unusually consistent. Variants at this cluster have been associated to risk for AD , early initiation of alcohol use (Schlaepfer et al. 2008) , and level of response to alcohol (Joslyn et al. 2008) . The mechanism by which genetic variation in these genes might aVect risk for AD is not yet clear, but in view of the known shared genetic liability between ND and AD, the Wnding is not surprising.
Gene-by-environment (G £ E) interaction and alcohol dependence
In view of the fact that the heritability of AD is in the range of 50-60%, there is considerable environmental inXuence on the phenotype, as is the case for other complex traits. However, unlike many other such traits, environmental factors are a necessary component of AD. One cannot become substance dependent without exposure to the substance, regardless of one's genetic constitution. This places a trait like AD in contrast to a trait like schizophrenia, which, so far as is known, does not require any special environmental exposure to develop. It has been appreciated only recently that G £ E eVects can be detected reliably for psychiatric traits and speciWc candidate loci using samples of a size that can feasibly be recruited (see Caspi and MoYtt 2006 for a review), whereas the impact of environmental factors on genetic risk of AD related to alcohol metabolizing enzymes has a longer history (e.g., Heath et al. 2001) .
In a prospective-longitudinal study of a representative birth cohort, Caspi et al. (2003) reported that variation in a promoter-linked polymorphism in SLC6A4, which encodes the serotonin transporter, moderated the inXuence of stressful life events on depressive symptoms, depression diagnosis, and suicidality. A similar G £ E approach was used to examine the interaction between this 5-HTTLPR polymorphism and alcohol-related risk. To date, three studies have shown that the 5-HTTLPR "s" allele (which is associated with lower expression and functionality), in the context of various environmental stressors, is associated with increased alcohol consumption (Nilsson et al. 2005; Covault et al. 2007; Kaufman et al. 2007 ). This augments metaanalytic Wndings of a main eVect of the s allele of 5-HTTLPR on risk of AD . However, there are variable Wndings in relation to the G £ E eVect. The COGA group (Dick et al. 2007b ) failed to replicate a moderating eVect of environmental stress on the association of this polymorphism with AD. Recently, a German group studying participants in the Mannheim study of children at risk (Laucht et al. 2009 ), a cohort of individuals being followed from birth into young adulthood, found that, when exposed to high psychosocial adversity, individuals homozygous for the higher expression l allele reported more hazardous drinking than those with an s allele or those without exposure to adversity. Although the eVect was conWned to males, it was consistent across diVerent types of adversity.
The activity of the hypothalamic-pituitary-adrenal (HPA) axis, an important mediator of the stress response (see Clarke et al. 2007 for a review) is of interest in relation to the eVects of environmental stress on the level of alcohol consumption and the risk of AD. CRHR1, which encodes the corticotrophin releasing hormone receptor 1, has been evaluated as a candidate locus moderating the eVects of stress on alcohol consumption. Treutlein et al. (2006) found that two haplotype tagging SNPs (rs242938, rs1876831) in CRHR1 were associated with binge drinking in two independent samples: the Mannheim adolescent sample and a sample of alcohol-dependent adults. Blomeyer et al. (2008) extended these Wndings by examining the interaction eVects on drinking of these variants and life stress in adolescents from the Mannheim Study. They found that rs1876831 moderated the eVect of negative life events on the maximum amount of alcohol consumed per occasion and lifetime rates of heavy drinking. They did not Wnd a G £ E interaction for rs242938. Dahl et al. examined Wve SNPs in CRHR1 in a sample of alcohol dependent and control subjects. They found no signiWcant allelic or genotypic associations with alcohol dependence, though it should be noted that the SNPs they examined did not include either rs242938 or rs1876831. Although of potential interest as a moderator of heavy drinking and the risk of AD, further evaluation of both the direct and stress moderating eVects of CRHR1 are needed.
Discussion
The last dozen or so years have seen a huge revision in our understanding of alcohol dependence genetics. Notwithstanding the long-known relationship of the alcohol metabolizing enzymes to AD risk in some Asian populations, the Wrst linkage studies were initially viewed as disappointing, because they failed to provide genomewide signiWcant results. But in the years since, the alcohol metabolizing enzyme Wndings have been replicated across many genes and populations beyond the initial work, and additional replicable risk loci have been identiWed. Only a fraction of the genetic risk is yet accounted for by known loci, but the growing number of replicable loci is encouraging. Similarly encouraging are the facts that these loci coincide with protein products that could be related to AD risk and that they were identiWed by the application of standard methods. Admittedly, though, proof that a speciWc variant is related to disease risk must be based on studies that take into account the function of allelic variants-statistical evidence from linkage and association in not suYcient.
Despite the advances, there is a long way to go to fully characterize the genetic basis for AD, and while it is likely that linkage and candidate gene or targeted association analysis will not take us the rest of the way, it is also now the case that these methods are rapidly being augmented by newer methodologies. These include, but are not limited to, GWAS, study of copy number variation (CNV) (where CNV of the alcohol-metabolizing enzymes would be an obvious possible source of risk variance), and deep sequencing of candidate loci with the goal of identifying rare risk-inXuencing variants. We can reasonably hope that as this technology is applied to AD, more small-tomedium-eVect risk loci will be identiWed.
The majority of the studies done to date have been in populations of European ancestry. An additional challenge will be to examine AD risk from a population perspective. This will be very important, since there are already considerable data supporting risk diVerences by population. Some risk alleles are already known to be population speciWc. It will also be of interest to determine whether particular loci are also population speciWc. In the context of this growing knowledge, it seems that we are likely on the threshold of major advances in our understanding of the genetics, and therefore the physiology, of alcohol dependence risk. 
